Introduction
============

Cervical cancer is one of the common malignant tumors in females, which seriously threatens their health and life. Its incidence rate is second only to breast cancer among malignant tumors in females. There are about 500,000 new cases each year around the world, in which 267,000 new cases occur in Asia annually ([@b1-ol-0-0-7791]). In recent years, cervical cancer has frequently occured in young people. Cervical cancer is prone to invasion and metastasis in patients, thus leading to poor prognosis of patients with cervical cancer, and the 5-year survival rate is only about from 30 to 60% ([@b2-ol-0-0-7791]).

Micro-ribonucleic acid (miRNA) is a non-coding small RNA molecule with a length of about 22 nucleotides and can be specifically paired with the three prime untranslated region (3′-UTR) of the target gene, thus leading to degradation of the target gene messenger RNA (mRNA) or inhibiting the translation process so as to affect the expression of target genes ([@b3-ol-0-0-7791]). In 1993, Lee *et al* found miRNAs in *Caenorhabditis elegans* for the first time, and discovered that miRNAs play key roles in cell development, differentiation, proliferation and apoptosis ([@b4-ol-0-0-7791]). At the same time, it was found that miRNAs are abnormally expressed in many kinds of tumors and are closely related to the occurrence and development of tumors ([@b5-ol-0-0-7791]).

Previously, a study showed that miR-34a is an important target for tumor suppressor protein p53 ([@b6-ol-0-0-7791]). miR-34a can specifically bind to mRNAs of cyclin E2, cyclin-dependent kinase 4, c-Myc, and B-cell lymphoma 2 at 3′-UTR, which leads to mRNA degradation of these proteins, thus blocking cell cycle, inhibiting cell proliferation and promoting tumor cell apoptosis ([@b7-ol-0-0-7791],[@b8-ol-0-0-7791]). The miR-218 gene is located on chromosome 5q16 and is downregulated in tissues and cells of tumors such as gastric cancer, head and neck squamous cell carcinoma and breast cancer. A study revealed that the miR-218 gene is associated with tumor growth, invasion and metastasis ([@b9-ol-0-0-7791]). In addition, it has been found that miR-218 expression is downregulated in cervical cancer cell lines and cervical cancer, and it is speculated that the expression of miR-218 is closely related to the occurrence and development of cervical cancer ([@b10-ol-0-0-7791]).

A study showed that miRNAs are differently expressed in different tumor tissues at different development stages of the tumors ([@b11-ol-0-0-7791]). In addition, miRNAs circulating in human serum or plasma are of great importance for early diagnosis, staging and prognosis of tumors ([@b12-ol-0-0-7791]). Therefore, we are committed to the study on the expression of miRNAs in the serum of patients with cervical cancer, and confirm its possible effectiveness in the early diagnosis and prognosis evaluation of cervical cancer. The relationship between the expression of miR-34a and miR-218 in peripheral blood of patients with cervical cancer and those in tumor tissues and the correlation of the expression of miR-34a and miR-218 with pathological parameters and the prognosis of cervical cancer are rarely reported in the literature. Therefore, this study preliminarily investigated the values of miR-34a and miR-218 in the diagnosis of cervical cancer and the correlation of their expression with clinicopathological parameters and the prognosis of patients by detecting the expression levels of miR-34a and miR-218 in the serum and tumor tissues of patients with cervical cancer in combination with the clinical data of patients.

Materials and methods
=====================

### Materials

A total of 50 patients with cervical cancer admitted to Dezhou People\'s Hospital from January, 2010 to December, 2016 were collected. They were aged 52.3±12.7 years, and none received preoperative chemotherapy, radiotherapy or endocrine therapy. Tissue specimens were pathologically diagnosed with cervical cancer. A total of 30 patients with uterine fibroids receiving uterine total resection who were admitted at the same period were selected as the control group. They were aged 49.6±13.2 years, and their tissue specimens were histopathologically confirmed with normal cervical tissues. Materials were drawn from tissue specimens in the operation within 30 min and then immediately placed in liquid nitrogen for preservation. Peripheral venous blood (5 ml) was collected before operation as peripheral blood samples. After standing at room temperature for 30 min, the samples were centrifuged at 10 min at 2,860 × g, and the supernatant was separated and placed in at −80°C. The present study was approved by the Clinical Ethics Committee, and all the patients or family members signed the informed consent; TRIzol kit (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA); primer synthesis, reverse transcription kits and quantitative real-time polymerase chain reaction (qRT-PCR) kits (all from Takara Biotechnology Co., Ltd., Dalian, China).

### Detection of the expression of miR-34a and miR-218 in tissue specimens and serum of patients by qRT-PCR

A total of 100 mg frozen tissues and 50 µl serum of patients were selected, respectively. The total RNA was extracted according to the instructions of TRIzol kit. The ratio of A260/A280 was measured using a spectrophotometer (Hitachi, Ltd., Tokyo, Japan). The ratio of A260/A280 (1.8--2.0) could be used for subsequent tests. Total RNA sample (1 µg) was extracted from patients in the two groups, respectively, and complementary deoxyribonucleic acid (cDNA) was obtained through reverse transcription according to the instructions of reverse transcription kits. Reaction conditions: At 16°C for 30 min, at 42°C for 30 min and at 75°C for 15 min. After that, with cDNA as a template and U6 RNA as the control gene, the expression levels of miR-218 and miR-34a were detected according to the instructions of qRT-PCR kits. RT-PCR amplification conditions: At 95°C for 5 min, at 95°C for 15 sec, at 60°C for 30 sec, and at 68°C for 30 sec; 30 cycles. In all reactions, three wells for repeated use were set up. The primer sequences of miR-34a, miR-218 and U6 are shown in [Table I](#tI-ol-0-0-7791){ref-type="table"}. C~q~ values were from the instrument software, and the relative expression of the target gene was expressed as 2^−ΔCq^.

### The correlation of the expression of miR-34a and miR-218 in the serum of patients

According to the expression levels of miR-34a and miR-218 in the serum of patients with cervical cancer, the patients with cervical cancer were divided into: i) miR-34a high expression group (≥2.54); ii) miR-34a low expression group (\<2.54); iii) miR-218 high expression group (≥2.63); iv) and miR-218 low expression group (\<2.63) with the average expression level as the standard. The correlation of the expression of miR-34a and miR-218 with pathological parameters and the prognosis of patients was analyzed according to the clinicopathological data.

### Statistical analysis

Data were analyzed using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). Measurement data were detected using the t-test. Intergroup comparisons of count data were conducted using the χ^2^ test. The correlation analysis was performed by Pearson\'s correlation coefficient, and the receiver operator characteristic (ROC) curve was plotted. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### The expression of miR-34a and miR-218 in tissue specimens of patients

qRT-PCR results are shown in [Fig. 1](#f1-ol-0-0-7791){ref-type="fig"}. The expression level of miR-34a in cervical cancer tissues was significantly lower than that in normal cervical tissues, and the difference was statistically significant (P\<0.01). The expression level of miR-218 in cervical cancer tissues was significantly lower than that in normal cervical tissues, and the difference was statistically significant (P\<0.01).

### Detection of the expression of miR-34a and miR-218 in the serum of patients by qRT-PCR

As shown in [Fig. 2](#f2-ol-0-0-7791){ref-type="fig"}, compared with those of patients in the uterine fibroid group, the expression levels of miR-34a and miR-218 in the serum of patients with cervical cancer were significantly decreased, and the differences were statistically significant (P\<0.01).

### The correlation between the expression of miR-34a and miR-218 in the serum and those in the tumor tissues of patients with cervical cancer

Pearson\'s correlation coefficient was used to analyze the correlation between the expression of miR-34a and miR-218 in the serum and those in tumor tissues of patients. As shown in [Table II](#tII-ol-0-0-7791){ref-type="table"}, the expression levels of miR-34a and miR-218 in the serum were positively correlated with those in tumor tissues of patients with cervical cancer (P\<0.01).

### Values of the expression of miR-34a and miR-218 in the serum of patients with cervical cancer in the diagnosis of cervical cancer

The ROC curve was plotted according to the relative expression levels of miR-34a and miR-218, and the area under curve (AUC) 0.893±0.035 and 95% confidence interval (0.824--0.961) of miR-34a for the diagnosis of cervical cancer were calculated, and the diagnosis was relatively more accurate. The AUC 0.794±0.050 and 95% confidence interval (0.696--0.892) of miR-218 for the diagnosis of cervical cancer were calculated, and the diagnosis was relatively more accurate ([Fig. 3](#f3-ol-0-0-7791){ref-type="fig"}).

### The correlation of the expression of miR-34a and miR-218 in the serum of patients with cervical cancer with clinical pathology

Statistics showed that there were 36 with low expression miR-34a (72.00%) and 31 with low expression miR-218 (62.00%) out of 50 patients with cervical cancer. The correlation of the expression of miR-34a and miR-218 in the serum of patients with cervical cancer is shown in [Table III](#tIII-ol-0-0-7791){ref-type="table"}. The χ^2^ test indicated that the low expression of miR-34a in the serum was correlated with the degree of tumor differentiation, invasion and metastasis and the International Federation of Gynecology and Obstetrics (FIGO) staging, and the low expression of miR-218 was associated with the degree of tumor differentiation as well as invasion and metastasis.

### Analysis of the survival and prognosis of patients

Statistical analysis of the follow-up results of patients with cervical cancer showed that 33 patients survived and 17 died, and the 5-year overall survival rate was 66%, in which the death of patients were caused by cervical cancer progress. Kaplan-Meier survival curve analysis showed that miR-34a high expression ([Fig. 4A](#f4-ol-0-0-7791){ref-type="fig"}) and miR-218 low expression ([Fig. 4B](#f4-ol-0-0-7791){ref-type="fig"}) had worse survival prognoses.

Discussion
==========

In previous years, the incidence rate of cervical cancer has significantly increased in China, and the pathogenesis of cervical cancer is very complex, including the activation of proto-oncogene, anti-cancer abnormal expression, human papillomavirus infection and immune factors, as shown ([@b13-ol-0-0-7791]).

miRNAs play key roles in the occurrence and development of various malignant tumors, and it has been found that miRNAs are involved in the important processes, such as tumor cell proliferation, apoptosis, metabolism and differentiation ([@b14-ol-0-0-7791],[@b15-ol-0-0-7791]). miR-34a, a member of the miR-34 family, is commonly found in mammals and abnormally expressed in a variety of tumors, which can induce cell apoptosis, prevent cell invasion and block cell cycle progression ([@b16-ol-0-0-7791]--[@b18-ol-0-0-7791]). In recent years, the abnormal expression of miR-218 in tumor tissue has become a hot topic in tumor research. Studies have confirmed that the expression of miR-218 was downregulated in cervical cancer, gastric cancer and breast cancer, and miR-218 is closely related to the invasion and metastasis, differentiation and staging of tumors ([@b19-ol-0-0-7791],[@b20-ol-0-0-7791]).

In the serum of normal people, the expression of miRNAs has a good consistency and stability. When lesions occur in the body, the expression of miRNAs in the serum will also change correspondingly, so detecting the abnormally expressed miRNAs in the serum of cancer patients may become a simple, effective and fast tumor diagnosis method ([@b21-ol-0-0-7791]). Studies have confirmed that miR-34a and miR-218 have low expression in cervical cancer and are closely related to clinicopathological parameters and the prognosis of patients ([@b22-ol-0-0-7791],[@b23-ol-0-0-7791]).

In order to further investigate the expression of miR-34a and miR-218 in the serum and tumor tissues of patients with cervical cancer and their influence on the pathological parameters and prognosis of patients with cervical cancer, the expression levels of miR-34a and miR-218 in the serum and tumor tissues of patients with cervical cancer were detected using qRT-PCR in this study. The results revealed that compared with those in normal cervical tissues, the expression levels of miR-34a and miR-218 in cervical cancer tissues were significantly decreased, and the expression levels of miR-34a and miR-218 in the serum of patients with cervical cancer were significantly lower than those of patients with uterine fibroids. At the same time, Pearson\'s correlation coefficient showed that the expression of miR-34a and miR-218 in the serum were positively correlated with those in cervical cancer tissues. The ROC curve analysis showed that the AUC of miR-34a was 0.893 and the 95% confidence interval was 0.824--0.961; the AUC of miR-218 was 0.794, and the 95% confidence interval was 0.696--0.892, indicating that the diagnosis of cervical cancer using miR-34a and miR-218 is relatively more accurate. The correlation analysis of clinicopathological parameters of patients indicated that the low expression of miR-34a in the serum of patients with cervical cancer was correlated with the degree of tumor differentiation, lymph node metastasis and FIGO staging, and the low expression of miR-218 in the serum was related to the degree of differentiation as well as invasion and metastasis. The 5-year overall survival rate of patients was 66% (33/50), and the low expressions of miR-34a and miR-218 presented a worse survival prognosis.

In summary, the low expression of miR-34a and miR-218 are closely related to the occurrence and development of cervical cancer, especially to the degree of tumor differentiation as well as invasion and metastasis. Tumor detection by miRNAs in the serum of patients has many advantages. For example, it is minimally invasive, repeatable and simple and feasible. The study confirmed that miR-34a and miR-218 in the serum of patients with cervical cancer could be used as important reference indicators in the diagnosis and prognosis evaluation of cervical cancer.

Competing interests
===================

The authors declare that they have no competing interests.

![Detection of the expression of miR-218 and miR-34a in tissue specimens by qRT-PCR. Compared with those in normal cervical tissues, the expression levels of miR-34a and miR-218 in cervical cancer tissues are significantly decreased, \*\*P\<0.01. (A) The expression of miR-34a in tissues. (B) The expression of miR-218 in tissues. qRT-PCR, quantitative real-time polymerase chain reaction.](ol-15-03-3580-g00){#f1-ol-0-0-7791}

![Detection of the expression of miR-34a and miR-218 in the serum of patients by qRT-PCR. Compared with patients in the uterine fibroid group, the expression levels of miR-34a and miR-218 in the serum of patients with cervical cancer are significantly decreased, \*\*P\<0.01. (A) The expression of miR-34a in the serum. (B) The expression of miR-218 in the serum.](ol-15-03-3580-g01){#f2-ol-0-0-7791}

![ROC curves of miR-34a and miR-218 in the diagnosis of cervical cancer. miR-34a and miR-218 have relatively better accuracy in the diagnosis of cervical cancer. (A) The ROC curve of miR-34a in the diagnosis of cervical cancer. (B) The ROC curve of miR-218 in the diagnosis of cervical cancer. ROC, receiver operating characteristic.](ol-15-03-3580-g02){#f3-ol-0-0-7791}

![The Kaplan-Meier survival curve of the expression of miR-34a and miR-218 and cervical cancer. (A) Effects of the expression of miR-34a on the Kaplan-Meier survival curve of patients with cervical cancer. (B) Effects of the expression of miR-218 on the Kaplan-Meier survival curve of patients with cervical cancer.](ol-15-03-3580-g03){#f4-ol-0-0-7791}

###### 

Primer sequences of qRT-PCR.

  Gene       Primer sequence
  ---------- ------------------------------------
  miR-34a    F: 5′-CGGTATCATTTGGCAGTG-3′
             R: 5′-GTGCAGGGTCCGAGGT-3′
  miR-34a8   F: 5′-GGAGTGGCGAATGGTAGTGGAGT-3′
             R: 5′-ACCAGGCTGGACAGTAGAGCG-3′
  U6         F: 5′-GCTTCGGCAGCACATATACTAAAAT-3′
             R: 5′-C-CGCTTCACGAATTTGCGTGTCAT-3′

qRT-PCR, quantitative real-time polymerase chain reaction.

###### 

The correlation between the expression of miR-34a and miR-218 in the serum and those in the tumor tissues of patients with cervical cancer.

  Serum     Tumor tissues   r       P-values
  --------- --------------- ------- ----------
  miR-34a   miR-34a         0.697   \<0.01
  miR-218   miR-218         0.758   \<0.01

###### 

The correlation of the expression of miR-34a and miR-218 with the clinicopathological parameters of cervical cancer.

                                         miR-34a   miR-218                         
  --------------------------------- ---- --------- --------- -------- ----- ------ --------
  Age (years)                                                                      
    ≥40                             32   24        0.40      \>0.05   21    0.50   \>0.05
    \<40                            18   12                           10           
  Diameter of tumor                                                                
    ≥4 cm                           28   22        1.36      \>0.05   17    0.04   \>0.05
    \<4 cm                          22   14                           14           
  Degree of tumor differentiation                                                  
    Low differentiation             21     9       15.25     \<0.01     8   8.78   \<0.01
    Medium/high differentiation     29   27                           23           
  Lymph node metastasis                                                            
    Yes                             35   30        5.14      \<0.05   26    7.74   \<0.01
    No                              15     6                            5          
  FIGO staging                                                                     
    I--II                           24   12        11.08     \<0.01   14    0.26   \>0.05
    III--IV                         26   24                           17           

FIGO, International Federation of Gynecology and Obstetrics.
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